Various types of plastics with different physical properties have been useful in measuring rumination and passage events in the gastrointestinal tract (GlT) of ruminants.
Introduction
Use of markers to study functions in the gastrointestinal tract (GIT) of animals can provide answers to several types of questions, e.g., rate of passage, properties of particles required for various retention times in the rumen, for passage from the m e n , or for retum to the mouth for rumination, mixing rates in the m e n and other ruminal dynamics. One requirement of an effective marker is that it be inert and that it not enter into any of the reactions and chemical transformations occurring in the gut. To be practical, quantification of the marker must be relatively easy and accurate. Plastic materials have properties that meet these requirements. Because plastic materials can be fabricated in diverse forms, they are useful for a variety of studies.
Balch (1950) used dyed hay as a marker of forage passage. Dyed feed particles allow the advantage of dealing with the actual material under study possessing the inherent characteristics of the forage itself. However, quantification of dyed, chewed and passed particles is difficult because particle size ranges from those easily seen to those impossible to see. This decreases counting accuracy as a result of progressive eye fatigue and individual technician variation. Plastic particles offer some of the advantages of dyed hay, including visualization of processes such as ruminal mixing in fistulated animals and rumination (as evidenced by tooth marks) but are simpler to quantify. Plastics commonly available in the monofilament strand form (Figure 1) include polyethylene, polypropylene, nylon, acetal, polyvinylidene fluoride and teflon. These plastics are not brittle and do not shatter when ruminated. Although rumination will produce tooth marks and some particle size reduction, there is not a continuum of progressively smaller passed particles to deal with. The degree of tooth marking and the limited particle size reduction can serve as an index of the rumination activity to which the material has been exposed.
The objectives of this paper are to review the use of inert plastics as markers for passage, rumination and particle movement and to describe additional applications.
Passage Measurements
King and Moore (1957) used plastic bits to quantify passage and found that specific gravity had a marked effect on appearance of particles in the feces (Figure 2 ). Data of this nature are usable in any of the currently accepted mathematical treatments of passage. Campling and Freer (1962) conducted similar studies with rubber bits that were more subjcet to particle size reduction than the plastics used by King and Moore (1957) . desBordes and Welch (1984) studied the effect of specific gravity on passage and rumination of monofilament cut to a length of 5 mm. Results from all three of these studies are in general agreement. Particles lighter than water passed very slowly. Maximal rate of passage occurred when particles had a specific gravity above 1.10. In the specific gravity range between 1.10 and 1.77, specific gravity was less important in controlling passage, although rates differed between animals, diets, particle sizes, species and functions. Particles above 2.10 had a slow rate of passage. SicilianoJones and Murphy (1986) used monofilament particles of different specific gravities similar to those used by desBordes and Welch (1984) . By placing particles directly in the abomasum and recovering particles in feces, they measured passage rate through the lower gut. They demonstrated that rate of passage from the abomasum to the feces varied with specific gravity (Table 1) . A single ideal plastic to mimic normal feed materials is not available because feed ingredients undergo marked changes in hydration and associated functional specific gravity, chemical and physical form due to digestion activity and are reduced in particle size during their residence in the GIT.
Feed materials are too heterogeneous in physical and chemical nature to be duplicated by chemically and physically uniform plastic materials. Although plastic particles are useful in identifying specifk particle properties such as size or specific gravity that are important in influencing passage, they are not direct substitutes for natural feedstuffs in passage studies.
Rumination Measurements
Plastic material can serve as a roughage substitute for measurement of physical events.
Polypropylene ribbon (PR) can be placed into the rumen via fistula or stomach tube, or it can be fed at some sacrifice in ease and success. The physical properties of chopped ribbon are different from those of natural feedstuffs; animals often refuse part or all of the offerings, even if ribbon is mixed well with other feed.
Rumination activity is normal, as indicated by jaw motion patterns and rumination time (Table 2) . Rumination stimulated by plastic ribbon sometimes produces altered W A ratios toward hay-type values (K. R. Pond, personal communication). Polypropylene ribbon placed in the mmen in lengths that the GIT can handle is remasticated until it has a size similar to that of material found in fecal material ( 1 mm). Hence, ribbon can manifest responses similar to natural roughages and can serve as a marker for rumination and passage (Welch, 1967) .
The properties of particles that affect the probability of material being returned to the mouth for rumination also can be studied (ddesBordes and Welch, 1984; Murphy et al., 1989) . Particles placed in the rumen and recovered in the feces can be examined for tooth marks, which indicate rumination. Both particle size and particle density affect percentage rumination of introduced particles.
Particle Movement Wlthin the Rumen
One of the questions commonly asked in ruminal dynamics is how particles move within the rumen. Different factors, such as properties of the ruminal mat, relative fill, ruminal ingesta consistency and ruminal size can alter rates of appearance of material at the reticulo-omasal orifice. Figure 3 shows the difference in particle movement within the rumen of steers fed an 80% concentrate diet vs concentrate lactation diet. Particle mobility was much greater in the steers fed a highconcentrate diet. In this study, 2-liter samples of ingesta were taken near the cardia at the times indicated and particles in the 2-liter sample were counted. Other appropriate references for areas of the rumen with higher DM content include number of particles per unit of DM recovered.
Properties of particles that allow them either to clear the rumen quickly or to stay in the rumen for long periods of time can be studied with particle markers. Ruminal retention or rapid passage from the rumen of particles are criteria particularly important in making nutrient-providing or pharmaceuticalcarrying materials that either need to be passed from the rumen quickly or need to stay in the rumen until they are completely released or degraded.
Hence, information regarding properties of particles that alter the probability of presentation to the reticulo-omasal orifice potentially is quite valuable.
plastic material mixed with feed, even if the feed is very palatable. Partial ingestion of a feed containing prepared particles ruins the experiment both by spoiling the quantitation of the offering and by contaminating the GIT with a partial dose. If rumination of particles is to be studied, feeding still is acceptable; more than 99% of the ingested material appeared in the rumen without tooth marks, indicating that chewing action during the eating process is minimal (Welch, unpublished data) . If placement of particles in specific locations in the rumen is desired, wrapping the dose in cellulose tissue (toilet paper) and placing the bundle in the desired location by hand is effective.
Quantification
One of the major advantages of plastic particles in the study of passage events is the simplicity of quantitation. Although counting Plastic materials can be introduced into the GlT of a ruminant via ruminal fistula or via stomach tube. Gelatin capsules work well so long as the volume of plastic is compatible with capsule size. Although feeding is a more "natural" route, animals often refuse to ingest requires intensive labor, no expensive or unusual equipment is necessary. The first step in the recovery process usually is sieving to remove fine particles. This requires a large volume capacity, with sieve surfaces of ,5 m2 or more plus application of copious amounts of water, usually from a pressure hose. Following removal of fines, various combinations of drying, flotation and sedimentation have been used (desBordes and Welch, 1984) , depending on the characteristics of materials being recovered. When separating particles with specific gravities greater than one, forage particle material in the feces is separated easily by completely drying the sample followed by flotation of the forage residue. Plastic particles and the remaining weed seeds will make up the sinking fraction. Final separations have been accomplished by various ingenious methods, including air streams and water currents (E. C. Prigge, personal communication), acid digestion (Chandler et al., 1964) and manual separation with tweezers.
Total quantitation can be achieved of any given dose of plastic particles. If passage is incomplete, the animal can be slaughtered to recover remaining particles from the GIT.
Particle distribution following a short tract residence time also can be determined by slaughter.
Other Considerations
In dealing with any unnatural material, artifacts can occur. One specific example of this problem is the development of immobile masses in the rumen after introduction of long lengths (30 cm) of PR into the rumen of sheep. Too long to be regurgitated for rumination, the ribbon developed into a mass of tangled fibers that was immobile, occupied a major part of the ruminal volume and greatly reduced forage intake (Welch, 1967) . Although no similar problems have been observed with smaller particles (7 cm or less), artifact formation remains as a distinct possibility when using foreign materials. Particles also have the disadvantage of not passing through the normal hydration and specific gravity stages that occur with forages. plastic particles usually have smoother surfaces and are more compact than forage particles. Hence, exact duplication of behavior of forage particles in the ruminant tract cannot be expected.
Any material considered for application in these types of studies must be completely inert. Some plastic materials give off resins, plasticizer or pigments that could affect microbial or host metabolism adversely; others have surface properties that could interfere with normal gut chemistry.
lmpllcatlons
Plastic particles are useful in study of events in the digestive tract of ruminants. Some of these include movement within the rumen, passage from or retention in the m e n , rumination, and whole or partial tract passage. Particles can be obtained in many shapes, sizes, specific gravities and colors. They are biologically inert and are affected only by physical events in the mouth, rumen and lower tract. In general, they are inexpensive and easily fabricated. Particles can be administered via fistula or gelatin capsules. Quantification, although laborious, usually is simple and does not require expensive or unusual equipment. Plastic particles cannot fully mimic forage or feed particles.
